The genus Heterocapsa is one of the major dinoflagellate groups, with some of its species having worldwide distributions. However, prior to the present study, the phototrophic species Heterocapsa minima has been reported only from the northeast Atlantic Ocean. Recently, H. minima was found in the Korean waters, and a clonal culture was established. This culture was used to examine the morphology of the Korean strain H. minima HMMJ1604 through light and scanning electron microscopy, as well as for its genetic characterization. Furthermore, to determine the nationwide distribution of H. minima in Korea, its abundance was quantified in the waters of 28 stations in all four seasons in 2016-2018 using the quantitative real-time polymerase chain reaction method. The overall morphology of H. minima HMMJ1604 was very similar to that of the Irish strain H. minima JK2. However, the Korean strain had five pores around the pore plate, whereas the Irish strain had six pores. When properly aligned, the sequences of the large subunit and internal transcribed spacer regions of the ribosomal DNA of the Korean strain were identical to those of the Irish strain. This species was detected in the waters of 26 out of 28 stations, but its abundance was greater than 1.0 cells mL -1 at 8 stations. The highest abundance of H. minima was 44.4 cells mL -1 . Although this species was found in all seasons, its abundance was greater than 1.0 cells mL -1 when the water temperature and salinity were 10.9-25.0°C and 17.5-34.1, respectively. To the best knowledge, the present study reported for the first time that H. minima lives in the Pacific Ocean and is widely distributed in the Korean waters.
INTRODUCTION
Phototrophic dinoflagellates are ubiquitous and one of the major components in marine ecosystem (Anderson et al. 2012 , Glibert et al. 2012 , Jeong et al. 2013 . In last three decades, many phototrophic dinoflagellates that had been thought to be exclusively autotrophic have been revealed to be mixotrophic (Burkholder et al. 2008 , Jeong et al. 2010 , 2015 , Stoecker et al. 2017 ). Thus, they play diverse roles as primary producers, predators, and prey in marine food webs (Tillmann 2004 , Jeong et al. 2005 , 2018 , Flynn et al. 2013 , Johnson 2015 , Stoecker et al. 2017 . Furthermore, many phototrophic dinoflagellate species often form red tides or harmful algal blooms minima has rounded triangular-shaped body scales with a small central hole on the basal plate. The genus Heterocapsa has body scales unique in shape and structure (Hansen 1995 , Salas et al. 2014 .
In 2016, small dinoflagellate cells were isolated from the waters of Mijo Port, South Sea of Korea, and a clonal culture was setup. Using this culture, we carefully examined the morphology of this dinoflagellate using light and scanning electron microscopy, and obtained the sequences of the internal transcribed spacer (ITS), and large subunit (LSU) ribosomal (r) DNA. Based on the morphological and genetic analyses, this dinoflagellate was identified to be H. minima. Prior to the present study, this species was found only in the northeast Atlantic Ocean (Pomroy 1989 , Iriarte et al. 2003 , Salas et al. 2014 . Thus, we investigated morphological and genetic characterizations of the Korean strain and compared the morphological characterization with the descriptions given by Pomroy (1989) and Salas et al. (2014) . We also compared the genetic characterization of the Korean strain with that of H. minima strain JK2, which is the only stain for which rDNA sequence is available. Furthermore, to determine the nationwide distribution of H. minima in Korea, its abundance was quantified in the waters of 28 stations, located in the East, West, and South Sea of Korea, and in the Jeju Island, Korea in all four seasons from January 2016 to October 2018, using the quantitative real-time polymerase chain reaction (qPCR) method and newly designed H. minima specific primer-probe sets. The results of the present study provide a basis for understanding the morphological and genetic characterizations of the H. minima strains and its global and nationwide distributions.
MATERIALS AND METHODS

Collection and culture of the Korean strain of Heterocapsa minima
The Korean strain of H. minima (HMMJ1604) was isolated from the surface water in Mijo Port, South Sea of Korea (34°71′ N, 128°04′ E) in April 2016 when water temperature and salinity were 12.9°C and 30.3, respectively (Kwon 2018) . A clonal culture of this species was established by two serial single-cell isolations. Dense cultures of H. minima HMMJ1604 were transferred to new 250-mL polycarbonate (PC) bottle (approximately 200,000 cells mL -1 ) every 1-2 weeks. The bottles were filled to capacity with fresh f/2-si seawater medium, capped, and causing large-scale mortality of fin-fish, shellfish, marine mammals, and sea birds (Scholin et al. 2000 , Shumway et al. 2003 , Place et al. 2012 , Adolf et al. 2015 , Menden-Deuer and Montalbano 2015 . Therefore, the eco-physiology of a phototrophic dinoflagellate, its roles in marine food webs, and its distribution are critical concerns to scientists and aquaculture farmers (Hansen 2011 , Carstensen et al. 2015 , Lee et al. 2017a . Prior to exploring these topics, this dinoflagellate should be well identified.
The genus Heterocapsa was first established by Stein (1883) , and until now, approximately 20 species have been described in the genus (Iwataki 2008 , Tillmann et al. 2017 , Guiry and Guiry 2019 . All species in this genus have theca on the surface with a plate formula of Po, cp, x, 5', 3a, 7", 6c, 5s, 5"', 2"" (Iwataki 2008 , Iwataki et al. 2009 ). Furthermore, they have distinct organic threedimensional body scales and one pyrenoid with a starch sheath (Iwataki 2008) . This genus has received attention because some species cause red tides or harmful algal blooms (Hansen 1989 , Horiguchi 1995 , Matsuyama et al. 1995 , 1997 , Nagai et al. 1996 , Matsuyama 1999 , Iwataki et al. 2002 , Iwataki 2008 , Salas et al. 2014 ; Heterocapsa circularisquama Horiguchi, Heterocapsa rotundata (Lochmann) Hansen, and Heterocapsa triquetra (Ehrenberg) F. Stein often form red tides causing shellfish mortalities. Of these species, H. rotundata and H. triquetra are known to have worldwide distributions (Lohmann 1908 , Paulsen 1908 , Lebour 1925 , Grontved and Seidenfaden 1938 , Braarud and Pappas 1951 , Balech 1988 , Iwataki 2008 , Carstensen et al. 2015 , Tillmann et al. 2017 . Heterocapsa minima Pomroy was first described by Pomroy (1989) based on cells collected from the Celtic Sea in 1982-1983. Although the abundance of H. minima in the fixed samples collected from the Bay of Biscay, Spain was reported, the morphology or genetic characterization of H. minima cells were not reported (Iriarte et al. 2003) . Later, Salas et al. (2014) reported the detailed morphology and genetic characterization of H. minima strain JK2 that was originally collected from the Irish Sea.
Heterocapsa minima has the epitheca significantly larger than the hypotheca, in a manner similar to Heterocapsa arctica Horiguchi, Heterocapsa lanceolata Iwataki & Fukuyo, and H. rotundata (Pomroy 1989 , Salas et al. 2014 . However, H. minima, the smallest species in the genus, is smaller than H. arctica, H. lanceolata, and H. rotundata (Iwataki 2008 , Salas et al. 2014 . Furthermore, H. minima has an extra plate-like structure that acts like a hinge joining the x-plate to the cover plate, unlike the other Heterocapsa species (Salas et al. 2014) . Moreover, H.
http://e-algae.org HMMJ1604 using the AccuPrep Genomic DNA Extraction Kit (Bioneer, Daejeon, Korea), according to the manufacturer's instructions. The PCR amplification of the LSU, and ITS region of rDNA was performed using the primers Euk1209F (Giovannoni et al. 1988) , ITSR2 (Litaker et al. 2003) , D1RF (Scholin et al. 1994) , and LSUB (Litaker et al. 2003) (Table 1) . Next, Solg f-Taq DNA Polymerase (SolGent Co., Daejeon, Korea) was used according to the manufacturer's instructions to amplify the DNA. The DNA was amplified in a Mastercycler ep gradient thermal cycler (Eppendorf, Hamburg, Germany) using the following cycling conditions: 3 min at 94°C pre-denaturation, followed by 35 cycles of 1 min at 94°C, 1 min at the annealing temperature, and 2 min at 72°C, with a final extension of 5 min at 72°C. The obtained PCR products were purified using AccuPrep PCR Purification Kit (Bioneer) according to manufacturer's instructions. Subsequently, the purified products were sent to the Genome Research Facility at School of Biological Science, Seoul National University, Korea, and sequenced with an ABI PRISM 3700 DNA Analyzer (Applied Biosystems, Foster City, CA, USA). The obtained sequences were aligned and manually edited using ContigExpress (Infomax, Frederick, MD, USA). The edited sequences were deposited in National Center for Biotechnology Information (NCBI) GenBank as a single contig (accession No. MK483261).
For performing the phylogenetic analysis of the LSU and ITS regions of H. minima HMMJ1604, each sequence was aligned using MEGA v.4 (Tamura et al. 2007) , with the sequences of Prorocentrum species as an outgroup and other Heterocapsa species obtained from NCBI database and recently published studies (Salas et al. 2014) . The maximum likelihood (ML) analyses were conducted using the RAxML 7.0.4 program with a GTRGAMMA model (Stamatakis 2006) . Further, 200 independent tree inferences were used to identify the best tree. The ML bootstrap values were determined using 1,000 replicates. Bayesian analyses were conducted using MrBayes v.3.1 placed on a shelf at 20°C with an irradiance of 20 µmol photons m -2 s -1 provided by cool white fluorescent lights, with a 14 : 10 h light : dark cycle. The culture in exponential growth phase was then used for genetic and morphological analyses.
Morphology
The overall shape and size of motile cells of H. minima HMMJ1604 in cover glass-bottom dish (confocal dish; SPL, Pocheon, Korea) were measured using an image analysis system for processing images taken with a digital camera connected to an inverted microscope (Zeiss-AxioCam MRc5; Carl Zeiss, Göttingen, Germany) at magnifications of ×1,000. Detailed morphological characterizations, such as the shape and size of each plate, and the number of plates, were analyzed using scanning electron microscopy (SEM). For SEM observation, approximately 5 mL of a dense culture of H. minima HMMJ1604 was fixed for 10 min in paraformaldehyde at a final concentration of 2% (v/v) in filtered seawater (FSW). The fixed cells were filtered through 3-µm polycarbonate membrane filter (25 mm diameter, Whatman, Floreham Park, NJ, USA) without additional suction and washed serially with 50% FSW and distilled water. Then, filters with collected cells were dehydrated in an ethanol series (10, 30, 50, 70, 90 , and 100%) for 2 min followed by two changes in 100% ethanol for 10 min. Subsequently, the filters were critical point dried (CPD 300; Bal-Tec, Balzers, Liechtenstein), mounted on a stub, sputter-coated with platinum, and examined at 2 kV using AURIGA CrossBeam (Carl Zeiss).
Nucleic acid extraction, PCR amplification, sequencing, and phylogenetic analyses
For PCR amplification, the nucleic acids were extracted from 10 to 15 mL of a dense culture of H. minima Table 1 . Oligonucleotide primers used to amplify the SSU, ITS1, 5.8S, ITS2, and LSU regions of rDNA and the species-specific primers and TaqMan probe used to quantify the abundance of Heterocapsa minima using qPCR method
Name
Primer region 5′-3′ Reference were aligned with the ITS rDNA sequence of the Irish strain of H. minima and related dinoflagellates available from the GenBank. Manual searches of the alignments were conducted to determine the unique sequences and to develop a H. minima-specific qPCR assay. The sequences for the primer-probe set were selected from the regions that were conserved within H. minima strains, but allowed discrimination with other dinoflagellates. The primer and probe sequences of the target species were analyzed with Primer 3 (Whitehead Institute and Howard Hughes Medical Institute, MD) and Oligo Calc: Oligonucleotide Properties Calculator (Kibbe 2007) for optimal melting temperature and secondary structure. Subsequently, the primers and probe were synthesized by Bioneer. The probe was dual-labeled with the fluorescent dyes, FAM and BHQ1 (Bioneer), at the 5′ and 3′ ends, respectively ( Table 1) .
Quantification of the abundance of Heterocapsa minima in the Korean waters
Using a clean bucket, water samples were collected from the surface of 28 stations located in the East, West, and South Sea of Korea, and Jeju Island, Korea, in January, March, July, October, and December 2016, 2017 and January, March, July, and October 2018 (Fig. 1) .
For qPCR, 50-300 mL of the collected water sample from each station at each interval were filtered through 25-mm GF/C filter (Whatman). The filter was loosely rolled and placed into a 1.5-mL tube and frozen under -20°C until transfer to the laboratory. The DNA from cells on the filter of each sample was extracted as described above.
Generating standard curve and qPCR amplification
To obtain the standard curve, DNA was extracted from a dense culture of H. minima HMMJ1604, targeting 1,000,000 cells in the final elution volume of 100 µL, using the identical DNA extraction method mentioned above. The extracted DNA was then serially diluted by adding predetermined volumes of deionized sterile water (DDW) (Bioneer) to the 1.5-mL tubes, to ultimately prepare 7 different DNA concentrations, targeting 100, 10, 1, 0.1, 0.01, 0.001, and 0.0001% of the originally extracted DNA. Subsequently, the DNA samples were stored at -20°C in the freezer and a qPCR amplification was conducted within a day. The qPCR assays for the determination of the standard curve were performed using the following steps (Ronquist and Huelsenbeck 2003) in the default GTR + G + I model to determine the best available model for the data from each region. For all sequence regions, four independent Markov Chain Monte Carlo runs were performed simultaneously until the average standard deviation of split frequencies dropped below 0.01. The trees were sampled every 1,000 generations. To ensure likelihood convergence, the first 1,000 trees were discarded as burn-in.
Design of TaqMan probe and primer set
Using the program MEGA v.4, the ITS sequences of the H. minima HMMJ1604 obtained from PCR amplification Fig. 1 Near the cell surface, the chloroplast lobe from a single chloroplast was present (Fig. 2B) . In addition, a single large pyrenoid surrounded by a starch sheath was constantly present in the epitheca (Fig. 2B) . Furthermore, a small red accumulation body was found in the epitheca (Fig. 2C) . The length and width of motile cells (n = 30) were 7.0-11.2 µm (mean ± standard deviation: 9.5 ± 2.1) and 5.4-9.0 µm (6.9 ± 1.8), respectively, and the length-towidth ratio was 1.1-1.6 (Table 2) .
The SEM observation showed that the cell length and width of H. minima HMMJ1604 (n = 14) were slightly shrunk to 7.4-9.3 (8.4 ± 0.2) µm and 5.2-6.9 (6.2 ± 0.2) µm, respectively, and the length-to-width ratio was 0.9-1.8 (1.3 ± 0.1) ( Table 2 ). The epitheca had the apical pore complex (APC), five apical plates, three intercalary plates, and seven precingular plates (Figs 3 & 4) . The APC comprised an apical pore plate (Po), a cover plate (cp), canal plate (x), and a hinge plate (?) connecting cp and x ( Figs  3F, G & 4C) . The Po plate of all the cells observed (n = 13) had five thecal pores arranged around the Po plate (Fig.  3F) . The x plate touched 1' and 5' apical plate and displaced to the right side of the cell (Figs 3A, F, G & 4C) . The 1', 2', and 5' apical plates were larger than the 3' and 4' apical plates (Figs 3G & 4C) . The precingular plates were mostly pentagonal except for the 4" and 7" plate (Figs 3A-D, G & 4A-C). Furthermore, the cingulum consisting of 6 rectangular-shaped cingulum plates (n = 14) was displaced by 0.10-0.20 times the cell length and 0.13-0.29 times the cell width. modified from Lee et al. (2017b) : 1 µL of DNA template, 0.2 µM of primers (forward and reverse) and 0.15 µM of probe (final concentrations), and 5 µL of qPCRBIO Probe Separate-ROX (Genepole, Gwangmyeong, Korea) were combined and DDW was added to each sample, resulting in the total final volume of 10 µL. The qPCR analyses were performed using Rotor-Gene Q (Qiagen, Hilden, Germany) under following thermal cycling conditions: 3 min at 95°C, followed by 45 cycles of 10 s at 95°C, and 40 s at 58°C.
The aforementioned qPCR assay conditions were used to determine the concentration of H. minima in field samples. The DNA from each sample was amplified four times to ensure the accuracy of results. The sample using DDW as the template was used as a negative control, whereas the one used to construct a standard curve was used as positive and standard control.
RESULTS
Morphology of the Korean strain of Heterocapsa minima
Motile cells of H. minima HMMJ1604 have the conical epitheca over rounded hypotheca with a deeply excavated cingulum (Fig. 2A) . The epitheca was larger than the hypotheca (Fig. 2) . The large and ellipsoid nucleus was positioned in the central part of the cell (Fig. 2B & C) . 
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Molecular characterization of the Korean strain of Heterocapsa minima
The sequence of the ITS regions and LSU rDNA of H. minima HMMJ1604 was identical to that of the Irish strain of H. minima JK2, the only strain of which LSU and ITS sequences have been reported. However, the LSU rDNA sequence of H. minima HMMJ1604 was 22-62 bp (= 3.7-8.7%) different from that of Heterocapsa triquetra, the type species of the genus, and also 38 bp (4.3%) and 35-61 bp (4.9-8.5%) different from Heterocapsa arctica Horiguchi and Heterocapsa rotundata, respectively, the closest species (Table 3) . Furthermore, the ITS rDNA The hypotheca of H. minima HMMJ1604 had five postcingular plates and two antapical plates (Table 2, Figs  3H & 4D) . The 2''', 4''', and 5''' plates were quadrangular, whereas the 1''' and 3''' plates were pentagonal. The antapical plates were both pentagonal. In addition, it had five sulcal plates (Table 2) ; anterior sulcal plate (as), left anterior sulcal plate (las), left posterior sulcal plate (lps), right sulcal plate (rs), and posterior sulcal plate (ps) (Figs 3A, E & 4A). Scales were only present in the 1''' postcingular plate and in the antapical plates including 1'''' and 2'''' (Fig. 3H) . Conclusively, the plate formula based on Kofoidian series of H. minima HMMJ1604 was Po, cp, x, 5', 3a, 7'', 6c, 5s, 5''', and 2'''' ( 7.0-11.2 (9.5 ± 2.1) 10-13.0 (11.8 ± 0.6) NA Cell width (µm, LM) 5.4-9.0 (6.9 ± 1.8) 6.9-9.1 (8.1 ± 0.5) NA Length-to-width ratio (LM) 1.1-1.6 NA NA AP length (µm, SEM) 7.4-9.3 (8.4 ± 0.2) 7.3-12.9 (10.2 ± 1.1) 8.7 (± 1.3) Cell width (µm, SEM) 5.2-6.9 (6.2 ± 0.2) 5.7-9.0 (7.1 ± 0.6) 6.1 (± 0.7) Length-to-width ratio (SEM) 0.9-1.8 (1.3 ± 0. Po, cp, x, 5', 3a, 7'', 6c, 5s, 5''', 2'''' Po, cp, x, 5', 3a, 7'', 6c, 5s, 5''', 2'''' Pp (= Po), cp, 5', 3a, 7'', 6c, 5s, 5''', 2'''' Reference This study Salas et al. (2014 ) Pomroy (1989 Values in the parentheses are mean ± standard deviation. AP, anteroposterior; NA, not available. 
Distribution of Heterocapsa minima in Korean waters
When the qPCR method was used, H. minima was detected in the waters of 26 stations out of 28 stations, but the abundance of H. minima was greater than 0.1 cells mL -1 at 15 stations and that greater than 1.0 cells mL -1 at 8 stations (Tables 5 & 6 (Table 6 ). The highest abundance in the winter (January / December), spring sequences of H. minima HMMJ1604 was 54-117 bp (= 12.0-17.4%) different from 25 strains of H. triquetra, 60-71 bp (10.0-10.9%) from H. arctica and 79-83 bp (11.3-12.4%) from H. rotundata (Table 4) .
In the phylogenetic tree based on the LSU rDNA sequences of Heterocapsa species, H. minima HMMJ1604 formed a clade with the Irish strain of H. minima JK2 (Fig.  5) . Moreover, in the phylogenetic tree based on the ITS rDNA sequences, H. minima HMMJ1604 also formed a clade with H. minima JK2, but this clade was clearly divergent from the clades containing the other Heterocapsa species (Fig. 6) . 
DISCUSSION
To the best of our knowledge, the present study reports for the first time that H. minima lives in the Pacific Ocean, and is widely distributed in the Korean waters. This study extends the distribution of H. minima from the Atlantic Ocean to the Pacific Ocean.
(March), summer (July), and fall (October) was 23.0, <0.1, 44.4, and 0.6 cells mL -1
, respectively (Table 6 ). The cells of H. minima were found in all seasons. The water temperature and salinity at all stations in the study period were 0.2-28.0°C and 0.1-35.6, respectively (Table 5) . However, the water temperature and salinity at the stations where H. minima were detected were 0.2-27.1°C and 13.3-34.4, respectively. Furthermore, the abundance of H. minima was higher than 0.1 cells mL -1 in July, September, and December 2016, July 2017, and July 2018 when the water temperature and salinity were 10.9-25.4°C and 17.5-34.1, respectively (Tables 5 & 6) . Moreover, the abundance of H. minima was higher than 1.0 the rDNA sequences were available. In the phylogenetic tree based on the LSU sequences, H. minima JK2 was located in the basal position of the clade consisting of H. rotundata strains (Salas et al. 2014) . Furthermore, in the phylogenetic tree based on ITS sequences, H. minima JK2 formed a clade with the endosymbiotic Heterocapsa sp., a symbiont of the acantharian Acanthochiasma sp., which is divergent from the clade of the strains of Heterocapsa arctica subspecies (Salas et al. 2014) . The sequences of the LSU and ITS regions of the Korean stain H. minima HMMJ1604 are identical to that of the Irish strain. When the Korean strain is included, the Korean and Irish strains form a clade, which is clearly divergent from the clade of the strains of H. rotundata or H. arctica. Thus, the results of the present study confirm uniqueness of the rDNA sequence of H. minima.
Distribution of Heterocapsa minima in Korean waters
Prior to the present study, a few studies have reported the abundance of H. minima (Pomroy 1989 , Iriarte et al. 2003 ; these studies quantified the abundance of H. minima using light microscopy after fixing cells with fixatives in the water samples collected from the Celtic Sea in four seasons and Bay of Biscay in one month. In the present study, H. minima was found all seasons in the Korean waters from 2016 to 2018, as in Celtic Sea in which this species was found all samples from July 1982 to October 1983 (Pomroy 1989 , this study). The maximum abundance (44.4 cells mL -1 ) of H. minima in the Korean waters in the study period is higher than that in the Celtic Sea from July 1982 to October 1983 (9.2 cells mL -1 ), but slightly lower than that that in the Celtic Sea during a bloom caused by mixed phytoplankton species, including H. minima, in May 1986 (62.4 cells mL -1 ). Therefore, the maximum abundance of H. minima in the Korean waters is comparable to that in the Celtic Sea. The maximum abundances of H. minima in the Korean waters and the Celtic Sea were obtained in July and August / May, respectively. Thus, H. minima may be present all the seasons, but is abundant in the spring-summer. However, the maximum abundance of H. minima in the Korean waters is much higher than that in Bay of Biscay from 3rd to 17th of May 2001 (1.1 cells mL -1 ) (Iriarte et al. 2003) . Fewer sampling seasons and fewer stations in the study of Iriarte et al. (2003) might be partially responsible for the lower maximum abundance in Bay of Biscay compared to the Korean waters.
The latitude at which the Korean strain of H. mini-
Morphology of the Korean strain of Heterocapsa minima
The shape of the Korean strain H. minima HMMJ1604 is very similar to that of the Irish strain H. minima JK2 (Table 2 ). When cells are examined using light microscopy (LM), the mean cell length and width of the Korean strain (9.5 and 6.9 µm, respectively) are smaller than those of the Irish strain (11.8 and 8.1 µm, respectively), but the ranges of the cell length and width of these two strains overlap (Table 2) . Furthermore, when cells are examined using SEM, the mean cell length and width of the Korean strain (8.4 and 6.2 µm, respectively) are smaller than those of the Irish strain (10.2 and 7.1 µm, respectively), but the ranges of the cell length and width of these two strains also overlap (Table 2) . Moreover, the mean cell length and width of the Korean strain are similar to those of the cells collected from the Celtic Sea (8.7 and 6.1 µm, respectively). Therefore, the ranges of the cell length and width of the LM examined cells of H. minima collected from the Korean and Irish waters are 7.0-13.0 and 5.4-9.1 µm, respectively, but those of SEM examined cells located from three locations are 7.3-12.9 and 5.2-9.0 µm, respectively.
A difference was observed in the number of pores in the apical pore plate (Po) between the Korean (H. minima HMMJ1604) and the Irish (H. minima JK2) strains (Table 2) ; the Korean strain has five pores in the Po plate, whereas the Irish strain has six pores. However, Pomroy (1989) did not reported the number of pores in the Po of the cells from the Celtic Sea. Thus, it is worthwhile to investigate the number of pores in the Po of H. minima cells collected from other locations to determine whether the number of pores is variable among H. minima strains or cells obtained from different locations. Salas et al. (2014) reported the presence of the scales as well as the hinge plate of the Irish strain H. minima JK2; these findings were not reported by Pomroy (1989) . Furthermore, we observed the scales and also the hinge plate in the Korean strain of H. minima HMMJ1604. Thus, the present study confirms the presence of the scales and also the hinge plate in H. minima. As Salas et al. (2014) suggested, these features can be used to differentiate H. minima from the other species in the genus.
Molecular characterization of the Korean strain of Heterocapsa minima
Prior to the present study, there was only one H. minima strain (i.e., the Irish strain H. minima JK2) for which
